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@ Separation of saccharides. 

@ The separation of mono- or dtsaccharids such as glu- 
cose or maltose from polysaccharides such as starch may 
.be effected by passing a mixture of these saccharides 
through an ultra-filtration membrane whereby the glucose 
or maltose Is separated from the starch. The ultra-filtration 
•membranes which are employed for this purpose will com- 
prise a cross-linked poiyurethane composited on a support 
As an example of the type of membrane which may be 
employed, an aminemodifted polyepihalohydrin such as 
^ epichlorohydrin which has been cross-linked with toluene 

<dIisocyanate is composited on a polysulfone. This type of 
uitra-flitration membrane will permit the use of a relatively 
^ high flux with a good separation efnciency. 
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SEPARATION OF SACCHARIDES 
BACKGROUND OF THE INVENTION 

In many conmerclal enterprises, sugar Is utilized to a great 
extent for Its sweetening properties. It Is used In the sweetening of 
foods, for the manufacture of syrups and confectionery Items, In pre- 
serves and Jams, as a chemical intermediate for detergents, emulsify- 
ing agent and other sucrose derivatives such as plastlclzers, resins, 
glues, etc. The usual derivation of sugar is from cane sugar and sugar 
beets. It is obtained by crushing and. extracting the sugar from the 
cane with water or extracting the sugar from the sugar beet with water 
followed by evaporation and purifying with lime, absorbent carbon and/ 
or various liquids. The chief component of this type of sugar is su- 
crose, while other sugars may contain other polysaccharides such as 
dextrose and Tevulose (fructose). Other polysaccharides which possess 
sweetening properties include glucose, maltose, etc. The various 
polysaccharides possess varying degrees of sweetness., especially when 
in pure form and not contaminated by any reversion products. 

One source of glucose which possesses a relatively high de- 
gree of sweetness and which, in turn, may be converted to fructose, 
the latter possessing an even greater degree of sweetness. Is a starch. 
As Is well known, starch is present In many naturally-occurring plants 
including com, potatoes, rice, tapioca, wheat, etc. Heretofore, It 
has been known to treat starch with an enzyme such as an^loglucosidase 
to obtain glucose. However ,^ the treatment heretofore provided en- 
tailed a relatively long residence time in order to obtain a glucose 
syrup which contained about 94% glucose. The relatively long residence 
time which has heretofore been required restricts the throughput of 
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glucose and results in the appearance of reversion products which im- 
part a bitter taste to the glucose, thus negating the sweetening prop- 
erty of the compound as well as requiring further treatment in order 
to remove the offending product. One such reversion product which im- 
parts a bitter taste comprises isomaltose. 

In addition to the reversion products which are formed dur- 
ing the reaction period, some of the polysaccharide renains unconverted. 
In order to obtain the desired mono- or disaccharide 1n a relatively 
pure form. It Is necessary to separate these unconverted polysacchar- 
ides from the desired reaction product. In addition, if a free enzyme 
has been used to effect the desired conversion, it must also be separ- 
ated from the reaction product. As will hereinafter be shown in 
greater detail, it has now been found that the desired separation pro- 
cess may be effected by separating the reaction mixture comprising, 
monosaccharides, d1 saccharides, unconverted polysaccharides, and, in 
some Instances, enzyme over an ultra-filtration membrane at a relativ- 
ely high separation efficiency whereby a purification of the desired 
sugars is effected. 

BRIEF SUMMARY OF THE INVENTION 

This Invention relates to a process for the separation of 
mono- or disaccharides from polysaccharides. More specifically, the 
invention Is concerned with the separation of a mono- or disaccharide 
from unreacted polysaccharides and, in some instances, conversion 
agents such as enzymes in which the ultra-filtration membrane employed 
in the separation will possess a high separation efficiency while ef- 
fecting the separation reaction at a relatively high flux. 

Syrups which are high in glucose or maltose concentration 
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comprise desirable chemical entities. By utilizing these syrups 
which are high in glucose or maltose content for sweetening processes 
such as in baking goods, candies or in the cas3 of maltose, in cul- 
ture media or even as a sweetener or nutrient, it is possible to util- 
ize lesser amounts of these syrups, thereby concomitantly reducing the 
overall cost of the finished product. 

It is therefore an object of this invention to provide a 
separation process utilizing an ultra-filtration membrane capable of 
effecting the separation of mono- or disaccharldes frcMn polysaccharides. 

A further object of this invention is to provide a separa- 
tion process utilizing a cross-linked polyurethane ultra -filtration mem- 
brane which is capable of purifying mono- or di saccharide in a separa- 
tion process while employing a relatively high flux with a concurrent 
high separation efficiency. 

In one aspect, an embodiment of this invention resides in 
a process for the separation of a mono- or di saccharide from polysac- 
charides which comprises passing a mixture of monosaccharide, di sac- 
charide, and polysaccharides over an ultra-filtratioa membrane com- 
prising a cross-linked polyurethane composited- on a support at ultra- 
filtration conditions, and recovering the mono- or di saccharide. 

A specific embodiment of this invention is found in a pro- 
cess for the separation of a mono- or di saccharide from polysaccharides 
which comprises passing a mixture of glucose or maltose and starch 
over an ultra-filtration membrane comprising an ami ne-modi fled epi- 
chlorohydrin composited on polysulforie at a temperature in the range 
of from about ambient to about 70**C and a pressure in the range of 
from about 20 to about 1000 pounds per square inch (psi) (140-7000 k Pa), 
and recovering the glucose or maltose. 

Other objects, and embodiments will be found in the follow- 
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ing further detailed description of the present invention. 

DETAILED DE SCRIPTION OF THE INVEtfTTOW 

As hereinbefore set forth, the present invention is con- 
cerned with the separation of mono- and disaccharide from polysaccha- 
rides and particularly to an ultra-filtration membrane which is use- 

5 ful therefore. The ultra-filtration membrane which is useful for 
this purpose comprises a polymeric composition which may be geneti- 
cally referred to as either a polyurethane or polyamide composited on 
a support. The supports which may be employed will comprise various 
polymeric compositions such as. but not limited to. polysulfones. 

.10 polyesters, polycarbonates, polyolefins such as polyethylene, poly- 
propylene, polyvinyl chloride, etc. The ultra-filtration membrane 
which is composited on the aforesaid support will, as hereinbefore 
set forth, comprise a cross-linked polyurethane or polyamide which is 
prepared by cross-linking a polyamine with a cross-linking agent. 

15 Examples of polyamine compounds which may be cross-linked will include 
amine-modified polyepihalohydrins such as epichlorohydrin. epibromo- 
hydrin. 1 .2-epo3ar-4-chlorobutane, 2.3-epoxy-4-chlorobutane, l,2,epoxy- 
5-chloropentane, 2,3-epoxy-5-chloropentane, 1 ,2-epoxy-4-bromobutane. 
2,3-epoxy-4-bromobutane. 1 .2-epoxy-5-bromopentane, 2,3-epo)?y-5-bromo- 

20 pentane, etc., polyethyleneimine. polyvinyl amine, diethyl enetri amine, 
di propyl enetri amine, triethylenetetramine. tripropyltetramine, tri- 
butyltetraraine, etc., tetraethylenepentamine, pentaethylenehexamine, 
etc. 

The aforementioned polyamines are then cross-linked by treat- 
25 ment with a polyfunctional agent which is capable of reacting with the 
amine group of the polyamine. The cross-linking agent which may be 
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employed to react with the amine may comprise d1* and tri basic acid 
chlorides, both, saturated and unsaturated in nature In which the car- 
bon chain may range from about T to about 20 carbon atoms, acid an- 
hydrides in which the carbon chain of the carboxylic acid will con- 
tain from about 1 to about ZO carbon atoms, aljphatic and aromatic d1- 
isocyanates, thiol socyanates, chloroformates and sulfonyl chlorides. 
Some specific examples of these cross-linking agents will include the 
acid chlorides such as oxalyl chloride, malonyl chloride, succlnyl 
chloride, glutaryl chloride, fumaryl chloride, glutaconyl chloride, 
phthaloyl chloride, isophthaloyl chloride, terephthaloyl chloride, 
trimellitoyl chloride, mesltoyl chloride, etc., acid anhydrides such 
as phthalic anhydride, succinic anhydride, etc., ethylene diisocyan- 
ate, propylene diisocyanate, benzene diisocyanate, toluene diisocyan- 
ate, naphthalene diisocyanate, methylene bis(4-phenylisocyanate) , 
benzene bls(thiolsocyanate), toluene bis{th1o1socyanate), naphthalene 
bis(thiolsocyanate), etc., ethylene b1schloroformate» propylene bis- 
chloroformate, butylene bischloroformate, etc., 1 ,3-benzened1 sulfonyl 
chloride, 1 ,4-benzened1 sulfonyl chloride, 1 ,3-naphthalened1 sulfonyl 
chloride, 1 ,4-naphthalenedisulfonyl chloride, etc. 

In one embodiment, . the ultra-filtration membranes which are 
used in the process of this invention may be prepared by coating a 
support of the type hereinbefore set forth with an aqueous solution of 
the polyamine. The polyamine will be present In the aqueous solution 
In an amount in the range of from about 0.4Z to about 1.2S by weight. 
After coating the support with the polyamine, the excess solution is 
drained and the coated support Is allowed to stand for a period in 
the range of about 0,1 to about 5 minutes. Following this, the cross- 
linking agent in an organic solvent such as hexane, heptane, cyclo- 
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hexane. metfvlcyclopentane. benzene, toluene, etc. is then added to 
the coated support to effect the desired cross-linkage. The cross- 
linking agent will be present in the organic solvent in an amount in 
the range of from about 0.15X to about 0.5? by weight. After allow- 
ing the coated support to remain in the cross-linking solution for a 
period ranging from about 0.1 to about 5 minutes, the organic solu- 
tion containing the cross-linking agent is drained off from the sup- 
port, the support is then washed with a hydrocarbon solvent such as 
those enumerated above, drained and prepared for use. The preparation 
of the ultra-filtration membrane is preferably effected at ambient 
temperature and atmospheric pressure. 

It is also contemplated that the membrane which is used in 
the present invention may be prepared in a continuous manner. When 
such a type of operation is employed, a support of the type hereinbe- 
fore set forth is continuously passed through an aqueous bath of the 
polyamine for a predetermined period of time and is continuously 
withdrawn. The coated support is then continuously passed through an 
organic bath containing the cross-linking agent, again for a predeter- 
mined period of time whereby the polyamine is cross-linked to form 
the desired ultra.-fntration membrane. After passage through the or- 
ganic solution containing the cross-linking agent, the membrane sys- 
tem is continuously withdrawn and may, if so desired, be washed with 
a hydrocarbon solvent to remove any excess cross-linking agent and/or 
unreacted polyamine. 

While, as heretofore set forth, the preparation of the. ultra- 
filtration membrane system is preferably effected at ambient tempera- 
ture and atmospheric pressure, it is also contemplated that the mem- 
brane system, after preparation, may be subjected to an annealing or 
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heat-curing step in which the membrane system is subjected to an ele- 
vated temperature which may range from about 60** to about 1 00*^0 for a 
predetermined period which may range from about 1 to about 4 hours. 
As win hereinafter be shown in greater detail in the examples at the 
end of the specification, this treatment will not affect the activity 
or separation efficiency of the membrane when used in the separation 
of mono- and di saccharides from polysaccharides. 

The process of this invention may be effected in any suit- 
able manner and may comprise either a batch or continuous type opera- 
tion. For example, when a batch type operation is employed, the feed- 
stock which comprises the reaction mixture resulting from the treat- 
ment of a polysaccharide with an appropriate enzyme such as alpha- 
anylase, beta-ainylase, amyloglucosldase, and other alpha-glucosidases, 
cellulase, etc. and which contains monosaccharides, di saccharides, 
undigested polysaccharides, and, in some instances, the enzyme itself, 
in the event that a soluble enzyme has been used, is placed in an 
appropriate apparatus such as a cell which contains the membrane at 
the bottom thereof. The apparatus is then pressurized to a predeter- 
mined operating pressure which may be in the range of from about 10 
to about 2000 psi (70-14,000 3tPa) cr icore to force the pezneate throuc^ the ultra 
filtration membrane. In addition, the apparatus is also maintained 
at a predetermined operating temperature which may vary over a rela- 
tively wide range, i.e., from subambient (about B'^C) up to about 80*C 
or more. The permeate which comprises a mono- or disaccharide is re- 
covered, while the retentate may also be collected for further treat- 
ment with additional enzyme In. order to convert the remaining poly- 
saccharide to the desired mono- or disaccharide, or further hydroly- 
sis. 
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It Is also contemplated within the scope of this invention 
that the process may be effected in a continuous manner of operation. 
When such a type of operation is employed, the feedstock which is sim- 
ilar to that hereinbefore described is continuously charged to an ap- 
paratus which is provided with an ultra-filtration membrane of the 
type hereinbefore set forth. The desired apparatus is maintained at 
predetermined operating conditions of temperature and pressure. After 
passage through the membrane, the permeate, which contains the mono- 
saccharide or disaccharlde such as glucose or maltose, is continuously 
recovered and passed to storage, while the retentate may also be re- 
covered and recycled back to a conversion zone for further treatment 
to prepare more of the desired product • 

The following examples are given for purposes of Illustra- 
ting the process of the present invention. However, it is to be under- 
stood that these examples are given merely for purposes of illustra- 
tion and that the present Invention is not necessarily limited thereto. 

EXAMPLE I 

In this example, a membrane system was prepared by coating 
a polysulfone support with an aqueous solution containing 0,50% of 
ami ne-modi fled polyepichlorohydrin at ambient temperature and atmo- 
spheric pressure. The solution was allowed to remain on the support 
for a period of 1.0 minute following which the excess solution was 
drained. Thereafter, the coated polysulfone support was treated with 
a 0.25 wt. % toluene diisocyanate dissolved in an organic solvent 
comprising n-heptane. After allowing the coated polysulfone support 
to be treated with this organic solution for a period of 1.0 minute, 
the excess solution was drained, the composite membrane was washed 



# 0098352 



-10- 

with n-heptane and air-dried for a period of S.O minutes. 

The composite membrane prepared according to the above para- 
graph was then placed at the bottom of a cell measuring 43 mn x 100 mm. 
Following this, 50'ml of a glucose solution possessing 301 dissolved 
solids and containing 17. 8X of DP9+, 0.2% DP3, 3.0J DP2 and 79. OS of 
glucose was placed in the cell. The cell was pressured to about 50 
psi and the flux rate of the permeate which passed through the membrane 
was measured. The flux rate of this test was 9.1 x 10^ ml/min/cra^. 
Both the permeate and retentate were analyzed and it was found that the 
permeate contained only 0.4% of DP9+, 0.3% of DP3, 3.2% of DP2. and 
96.1% of glucose. In addition, the retentate was found to contain 
32.4% of DP9+, 0.4% of DP3. 2.8% of DPg, 62,2% glucose and 0.1% each 
of DP7, DP5^ DP5 and DP^. 

EXAMPLE II 

• In this example, a membrane which was prepared according to 
the method set forth in Example I above was placed in the bottom of a 
cell and 50 ml of a maltose feed solution containing 30% dissolved 
solids was then added to the cell. The cell was pressurized to about 
70 psi (4'80 k Pa) and the permeate which was forced through the membrane was 
measured for flux rate, said flux rate being 5.7 x 10'^ ml/min/cm^. 
Both the permeate and. retentate were collected and analyzed. The re- 
sults of this test including the constituency of the feed, the per- 
meate and the retentate are set forth In Table I below: 

TABLE I 

DP9+ DPg 

Maltose Feed 26.3 1.2 
Permeate 1.2 0.4 

Retentate 33.8 1.7 



DP7 
0.6 



0.3 



DP5 
0.1 



DP, 



DP. 



DP 



DP 



0.5 0.4 0.2 



0.5 11.8 59.2 
- 14.2 84.2 
0.4 n.O 52.0 



d 
d 
d 
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EXAMPLE III 

To illustrate the ability of a composite membrane comprising 
a cross-linked polyurethane composited on a support to effectively sep- 
arate mono- and di saccharides from polysaccharides, another experiment 
was performed in which a glucose feedstock and a maltose feedstock, 
each containing 30S dissolved solidsvwere passed through an ultra-fil- 
tration membrane comprising only the support, in this case polysulfone. 
The apparatus which was used was identical to that set forth in Exam- 
ples I and II above, the glucose and maltose feed being passed through 
the polysulfone membrane at a pressure of 20 psi (140 k Pa). In the case of the 
glucose feed, the flux rate was 5*2 x 10'^ ml/min/cm^, while the flux 
rate of the maltose feed was 2.7 x 10'^ ml/min/cra^. The results of 
these experiments are set forth In Table II below: 

TABLE II 

DPg+ DPg DPy DPg DPs DP4 DP3 DP2 DPl 

Glucose Feed 17.7 - - - - - • 0.3 3,0 79.0 

Permeate 10.4 0.4 3.3 85.9 

Retentate 23.6 Tr. 0.1 - - 0-3 2.8 73.2 

Maltose Feed 32.9 . - - - 0.6 10.9 51.0 4.6 
Permeate 19:6 - - - - 0.5 13.5 65.0 1.4 

Retentate 42.2 - - 0.1 - 0.4 9.8 46.7 0.8 

EXAMPLE IV 

To illustrate the differences in separation efficiency and 
flow rates of various ultra-filtration membranes comprising a cross- 
linked epiamine, a series of experiments were performed in which 9 mem- 
branes were prepared In a manner similar to that set forth in Example I 
above. A polysulfone support was treated with an aqueous solution of 
the amine-modified epichlorohydrin, the amount of epiamine in the solu- 
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tion varying from 0.41 to 1.201. After coating the polysulfone with 
these solutions, the excess solution was drained and the coated poly- 
sulfone treated with a solution of toluene diisocyanate dissolved in 
n-heptane, the amount of toluene diisocyanate varying from 0.1 6X to 
0.50S. After washing the membrane with n-heptane, the membranes were 
then air-dried and used in a sugar separation process at ambient tan- 
perature and pressures ranging froro'about 20 to about 90 psi (140-620 Ic Pa). 
The results of these tests are set forth in Table III below: 

TABLE III 



(0.60S epiamine, 0.25Z toluene diisocyanate) 





OP9+ 


DPg 


£1 




Glucose Feed 


19.2 








Permeate 


0.5 








Retentate 


29.5 








Maltose Feed 


29.3 


0.7 


0.5 


0.3 


Permeate 


1.5 








Retentate 


43.2 


■ 1.0 


0.6 


0.4 



DP5 

0.1 

0.2 
0.2 



DP4 

0.1 

0.1 

0.4 
0.5 
0.4 



0P3 




£!i 


0.3 


3.2 


77.1 


0.4 


3.6 


95.5 


0.2 


2.7 


67.8 


11.5 


57.1 


a 


15.5 


82.5 


a 


9.7 


44.5 


a 



(0.751 epianrfne. 0.25X toluene diisocyanate) 



Glucose Feed 
Permeate (70 
Permeate (50 
Retentate* 

Maltose Feed 
Permeate 
Retentate 



Glucose Feed 
Permeate 
Retentate 

Maltose Feed 
Permeate 
Retentate 



19J 
psi) 0,1 
psi) 0.1 

44.2 

28.0 
0.2 
43.3 



0.4 


0.4 


0.7 


0.3 


0.3 


1.3 


0.6 


0.4 


0.2 


0.5 












0.7 


0.4 


0.3 


0.2 


0.7 



0.3 
0.4 
0.3 
0.5 

11.6 
14.6 
10.4 



(0.90% epiamine. 0.25X toluene diisocyanate) 



18.9 
1.5 
36.3 

26.1 
7.8 
40.6 



1.3 0.4 
1.1 0.5 
0.4 0.4 



0.1 0.4 

0.1 0.5 

0.1 0.2 0.3 

0.3 0.1 0.5 12.0 

0.4 0.3 0.5 14.5 

0.3 0.2 0.4 10.1 



3.1 77.5 

3.3 96.2 

4.0 95.6 

2.5 50-7 



57.4 
85.2 
44.0 



59.3 
74.9 
47.6 



a 
a 
a 



3.2 77.4 
3.7 94.2 
2.5 60.6 



a 
a 
a 
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TABLE III (Cont.) 



(1.20S epi amine. 0.25X toluene dllsocyanate) 



Glucose Feed 
Permeate 
Retentate 

Maltose Feed 
Permeate 
Retentate 



Glucose Feed 
Permeate 
Retentate 

Maltose Feed 
Permeate 
Retentate 



Glucose Feed 
Permeate (50 
Permeate (90 
Retentate 

Maltose Feed 
Permeate 
Retentate 



Glucose Feed 
Permeate * 
Retentate 

Maltose Feed 
Permeate 
Retentate 



Glucose Feed 
Permeate 
Retentate 

Maltose Feed 
Permeate 
Retentate 



19.1 












0.4 


3.2 


77.3 


1.6 










Oil 


0.4 


3.7 


94.2 


31.0 










0.1 


0.3 


2.7 


65.9 


26.2 






1.2 


0.3 


0.2 


12.3 


59.8 


a 


6.4 


1.7 


1.0 


0.4 


0.2 


0.5 


14.7 


75.1 


a 


40.0 


1.4 


0.4 


0.3 


0.1 


0.3 


9.9 


47.6 


a 


(0.60< 


epi amine. 0.50X toluene 


dllsocyanate) 






18.7 










0.1 


0.3 


3.3 


77.6 


1.6 












0.4 


3.7 


94.3 


30.1 












0.3 


2.9 


66.7 


29.3 


0.8 


0.5 


0.3 


0.1 


0.5 


11.4 


59.1 


a 


4.0 




1.2 


0.5 


0.5 


0.6 


14.8 


78.4 


a 


43.6 


0.9 


0.5 


0.3 


0.2 


0.4 


9.4 


44.6 


a 



(0.751 epiamlne, 0«25t toluene dllsocyanate) 



19.1 












0.3 


3.1 


77.5 


1.5 












0.2 


2.8 


95.5 


0.9 














2.3 


96.8 


28.3 




a* 








0.3 


3.3 


68.1 


27.9 












12.7 


59.4 


a 


6.2 












13.0 


80.8 


a 


31.9 












12.8 


55.3 


a 


,75Z epi amine. 


0.50X toluene diisocyanate) 






19.3 










0.1 


0.3 


3.1 


77.2 


3.1 












0-3 


. 3.5 


93.1 


30.0 




Tr 


0^1 


0.1 


0.1 


0.4 


2.8 


66.5 


27.4 


0.4 


0.4 


0.2 


0.1 


0.5 


12.0 


59.0 


a 


9.1 






0.2 


0.1 


0.5 


14.3 


75.8 


a 


41.2 


0.6 


0.5 


0.3 


0.1 


0.5 


10.3 


.46,5 


-a 



(1.202 epiamine, 0.16X toluene diisocyanate) 



19.0 
3.9 
33.8 



8.8 









0.1 


0.1 


0.4 


3.2 


77.2 












0.4 


3.8 


91.9 






0.1 


oTi 


0.1 


0.4 


2.7 


62.8 


0.8 


0.2 


0.2 


0.1 


0.5 


11.6 


57.5 


a 




mm 


0.7 


0.2 


0.5 


14.2 


75.6 


a 


0.9 


0.5 


0.3 


0.2 


0.4 


10.4 


49il. 


a 
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TABLE III (Cont.) 

(0.402 eplamlne, 0.16Z toluene dilsocyanate) 
Glucose Feed 18.2 - - - - . 0 5 3 9 77 4 

teJllJ^t^L o?'f - - - Tr 0.2 oia 3:2 asis 

Retentate 27.1 - - - - o.l 0.3 3.0 69.5 

"^^S:™!!** ?i-2 - - - - 10-9 51.4 3.2 

Permeate 17.0 - • - • 0.6 13 6 65 2 3 6 

Retentate 36.6 0.1 - - 0.1 0.6 lo!6 As!? 2! 3 

a) Included in DP2 . 

It is noted from the results set forth in the above table 
that the composite membrane prepared from 0.75 epiamine and 0.25t tolu- 
ene diisocyanate shows the highest selectivity, while the membrane pre- 
pared from 0.6% epiamine and 0.25% toluene diisocyanate showed the high- 
est flux rate coupled with good selectivity. It is to be noted that 
flux rates which are acceptable in this type of separation are those 
which are in excess of 3 x lO'^ ml/rain/cm^ at ambient temperature and 
operating pressure of 50 psi (340 k Pa). 

EXAMPLE V 

To illustrate the possibility of subjecting the membrane to 
a heat-curing step while retaining the activity and efficiency of the 
membrane, a series of experiments were carried out in which, in the 
first case, a polysulfone support was subjected to a temperature of 
80**C for a period of 2 hours. In the other experiments, a membrane 
system was prepared by coating the polysulfone support with an aqueous 
solution containing varying amounts of amine-modified polyepichloro- 
hydrin at ambient temperature and- atmospheric pressure. Following the 
coating, excess solution. was drained and the coated polysulfone sup- 
port was treated with an organic solution containing varying amounts 
of toluene diisocyanate. The composite membrane was washed with 
n-heptane, air-dried, and annealed at a temperature of 80^C for a per- 
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iod of 2 hours. 

The composite membrane was then utilized as an ultra-filtra- 
tion membrane for the separation of glucose from a solution contain- 
ing glucose and polysaccharides. The separation vas effected in a 
manner similar to that set forth in Example I above in which 50 ml of 
the glucose solution containing 30% by weight of dissolved solids was 
passed through the msnbrane. The results of these experiments are 
set forth in Table IV below: 

TABLE IV 



(Annealed 


Polysulfone Membrane)^ 












OP9+ 
















Dh 


Glucose Feed 


18.7 












0.2 


3.1 


78.0 


Permeate 


14.8 












0.4 


3.3 


81.5 


Retentate 


27.2 


0.3 


0.1 






0.1 


0.4 


3.0 


68.9 


Maltose Feed 


30.2 


0.5 


0.4 


0.3 


0.3 


0.6 


n.9 


55.8 


b 


Permeate 


18.3 








0.1 


0.4 


13.6 


67.6 


b 


Retentate 


41.0 


0.5 


0.4 


0.3 


0.1 


0.6 


10.2 


46.1 


b 


(0.60X Epi amine. 


0.50Z Toluenediisocyanate) 






Glucose Feed 


19.2 


Tr 


Tr 




0.1 




- 0.3 


3.2 


77.2 


Permeate 


0.3 












0.2 


3.4 


96.1 


Retentate 


36.6 










0.1 


0.4 


2.7 


60.2 


Maltose Feed 


29.9 


0.3 


0.3 


0.2 


0.2 


0.6 


12.0 


56.5 


b 


Permeate 


1.0 










0.4 


15.4 


83.2 


b 


Retentate 


41.2 


0.5 


0.4 


0.1 




0.5 


10.5 


46.8 


b 


(0.75% Epi amine* 


0.25S Toluenediisocyanate) 






Glucose Feed 


18,9 












0.4 


3.2 


77.5 


Permeate 


0.2 












0-3 


3.3 


96.2 


Retentate 


31.7 


0.6 


0.3 


0.3 


0.3 


0.2 


0.6 


3.1 


62.9 


Maltose Feed 


29.3 


0.9 


0.4 


0.3 


0.1 


0.4 


11.8 


56.8 


b 


Permeate 


6.9 






0.1 






14.4 


78.6 


b 


Retentate 


40.3 


0.7 


0.4 


.0.2 


0.1 


0.5 


11.0 


46.8 


b 



^ DP's are based on % area for each component In sample. 
^ Included in DP2 
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EXAMPLE V 



To illustrate the fact that the separation efficiency of 
mono- and disaccharides from polysaccharides is not affected by the 
peixent of dissolved solids In the feed, a series of experiments were 
performed in which the feed to the ultra-filtration membrane contained 
varying amounts of dissolved solids, said dissolved solids varying 
from 1.5% to 30%. The ultra-filtration membrane which was utilized 
for the separation was similar in nature to the system described in 
Example I above. The results of these experiments are set forth in 
Table 5 below: 



TABLE 



(0.602 



DP9+ 

Slucose Feed 19.1 

(1.5S dissolved 

solids) 
Permeate 0.1 
Retentate 35.9 

Glucose Feed 19.0 
(3Z dissolved solid) 
Permeate 0.3 
Retentate 33.0 

Glucose Feed 19.0 

{6% dissolved 

solids) 
Permeate 1.3 
Retentate 34.8 



Glucose Feed 18.9 
(30.09^ dissolved 
solids) 
Permeate 0.2 
Retentate 29.2 



unlne, Toluenedllsocyanate)'' 









DP5 


















0.1 


0.3 


3.2 


77.3 












0.3 


3.4 


96.2 




0.7 


0.3 


o.s 


0.2 


0.6 


3.2 


58.6 












0.4 


3.1 


77.5 






0.4 






0.3 


3.2 


95.8 




0.4 


0.2 


0.2 


0.1 


0.4 


3.0 


62.7 








0.2 




0.4 


3.1 


77.3 












0.4 


3.5 


94.8 


0.2 


0.2 


0.2 


0.3 




0.4 


3.0 


60.9 








0.1 




0.4 


3.2 


77.4 












0.3 


3.5 


96.0 



0.1 - 0.1 0.4 2.8 67.4 
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TABL£ V fCont.) 



Maltose Feed 


23.1 


1.6 


1.2 


0.8 


0.3 


1.1 


18.4 


49.4 


4.1 


{1.5% dissolved 




















sol i ds ) 
Permeate 


1.0 


0.1 


- 


- 




0.7 


19.1 


71.3 


7.8 


Retentate 


30.5 


2.1 


1.6 


1.0 




1 .3 


IB. 3 






Maltose Feed 


23.0 


1.7 


1.3 


0.8 


0:4 


1.1 


18.5 


49.2 


4.0 


(3.0% dissolved 




















sol Ids) 
Permeate 


0.7 


0.1 








0.6 


18.7 


72.3 


7.6 


Retentate 


30.7 


2.1 


1.6 


0.9 


0.4 


1.2 


18.4 


41.8 


2.9 . 


Maltose Feed 


22.9 


1.6 


1.2 


0.8 


0.3 


1.1 


18.3 


49.1 


4.7 


(6.0% dissolved 




















solids) 
Permeate 


0.7 


0.1 








0.6 


18.8 


71.7 


8.1 


Retentate 


30.7 


2.1 


1.7 


1.0 


0.5 


1.4 


18.1 


42.2 


2.3 


Maltose Feed 


23.7 


1.6 


1.3 


0.8 


0.3 


1.1 


18.3 


49.0 


3.9 


(30.0% dissolved 


















solids) 
Permeate 


0.7 


0.2 


0.3 


0.2 


0.1 


O.B 


21.8 


69.7 


6.2 


Retentate 


28.5 


1.9 


1.4 


0.9 


0.4 


1.2 


. 71.6 


45.2 


2.9 



* DP's are based on % area for each component in sample. 
^ Membrane was annealed at 80** C for 2 hrs. * 

It is readily apparent from the above examples that an ultra- 
filtration membrane such as that described which may, if so .desired, be 
subjected -to a heat-curing treatment, will operate at a high degree of 
separation efficiency for the separation of mono- and disaccharides 
from polysaccharides. The membrane system of the present invention 
which comprises an amine-modified epihalohydrin cross-linked by a cross- 
linking agent such as toluene diisocyanate composited on a support 
such as polysulfone shows a greater percent of efficiency than does 
the polysulfone support itself. 
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I CLAIM AS MY TNVFMTTnw. 



1. A process for the separation of a mono- or disaccharide 
from palysaccharides which comprises passing a mixture of monosacch- 
aride. disaccharide and polysaccharides over an ultra -filtration mem- 
brane comprising a cross-linked polyurethane or polyamide composited 
on a support at ultra-filtration conditions, and recovering the mono- 
or disaccharide. 

2. The process as set forth in Claim 1 in which said ultra- 
filtration conditions include a temperature in the range of from about 
ambient to about 70-C and a pressure In the range of from about 20 to 
about 1000 psi (140-7000 k Pa). 

3: The process as set forth in Claim 1 in which said sup- 
port is a polysulfone. 

4. The process as set forth in Claim 1 in which said sup- 
port Is polyolefin. 

5. The process as set forth in Claim 4 in which said poly- 
oUfit) is polyethylene. 

6. The process as set forth in Claim 4 in which said poly- 
olefin is polypropylene. 

7. The process as set forth in Claim 1 in which said cross- 
linked polyurethane or polyamide Is prepared by treating an aqueous 
solution of a polyamine with an organic solution and a cross-linking 
agent. 

8. The process as set forth in Claim 7 in which said aque- 
ous solution of said polyamine contains from about 0.4X to about 1.2X 
by weight of polyamine. 

9. The process as set forth in Claim 7 in which said organ- 
ic solution of said cross-linking agent contains from about 0.16 to 

RHN-IO 
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about 0.5S by weight of cross-linking agent. 

10. The process as set forth in Claim 1 in whifch said poly- 
amine comprises an amine-modified polyepihalohydrin. 

11. The process as set forth in Claim 10 in which said 
polyepihalohydrin Is epichlorohydrin. 

12. The process as set forth in Claim 1 in which said poly- 
amine comprises polyethyleneimine. 

13. The process as set forth in Claim 1 in which said poly- 
ami ne comprises tri ethyl enetetramine. 

14. The process as set forth in Claim 1 in which said cross- 
linking agent is toluene diisocyanate. 

15. The process as set forth in Claim 1 In vftich said cross- 
linking agent is isophthalolyl cliloride- 

16. The process as set forth in Claim 1 in which said mono- 
saccharide is glucose. 

17. The process as set forth in Claim ! in which said di- 

saccharide is maltose. 

18. The process as set forth in Claim 1 in which said poly- 
saccharide is starch. 
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